shift in HIV testing approach by recommending widespread routine (nontargeted) opt-out HIV screening in settings where the prevalence of undiagnosed infection was 0.1% or greater. To minimize other testing barriers, the CDC also recommended removing the requirement for separate written consent for HIV testing and the requirement for prevention counseling as part of HIV testing.
Emergency departments (EDs) have been an important focus for HIV prevention efforts, including testing and screening initiatives. [4] [5] [6] [7] [8] [9] [10] [11] Since 2006, efforts to integrate nontargeted HIV screening into EDs have increased, although limited research supports this practice, and as yet, no comparative study has been conducted to evaluate the current CDC recommendations in an ED setting. [10] [11] [12] [13] Thus, it remains unknown if nontargeted opt-out HIV screening, when incorporated into an ED setting, is associated with the identification of patients with HIV infection as a prevention strategy.
The primary goal of this study was to determine whether nontargeted optout rapid HIV screening in a highvolume urban ED was associated with identification of more patients with newly diagnosed HIV infection than physician-directed diagnostic rapid HIV testing. A secondary goal of the study included assessing the impact of both testing approaches on ED operational processes.
METHODS
This study was approved by the research committee and institutional review board (IRB) at Denver Health Medical Center (DHMC) as well as by the CDC's IRB. Both IRBs waived the requirement for consent as part of the integration of HIV testing into routine care. However, consent was obtained for all HIV testing as part of the patient's medical care, and written informed consent was obtained from patients identified with HIV infection to obtain data following diagnosis not reported herein.
Study Design
We used a quasi-experimental equivalent time-samples design to determine whether nontargeted opt-out rapid HIV screening in the ED was associated with identification of more patients with newly diagnosed HIV infection than physician-directed diagnostic rapid HIV testing.
14 Nontargeted opt-out screening and diagnostic testing were alternated in sequential 4-month time intervals from April 15, 2007 , through April 15, 2009 . The 2 HIV testing approaches were completely integrated into ED operations on a 24-hour basis involving only existing ED and hospital personnel. Details of the design, implementation, and rationale of this study are described elsewhere. 15 
Setting
This study was performed in the ED at DHMC in Denver, Colorado. DHMC is a 477-bed urban public safety-net hospital with approximately 55 000 adult ED patient visits per year. DHMC is a regional level I trauma center and a nationally recognized model of the integration of a public hospital, community health center clinics, and a department of public health. 16 A large proportion of patients served by DHMC are racial or ethnic minorities and uninsured, and it has been estimated that approximately 0.7% of those who present to the ED have undiagnosed HIV infection.
17

Population
During the study, all patients 16 years and older and capable of providing consent for general emergency medical care were eligible to receive HIV testing. Patients were excluded from HIV testing if they (1) were unable to provide consent for HIV testing as assessed by registration or clinical staff (eg, altered mentation or critical illness), (2) were detainees or prisoners, (3) were seeking medical care after sexual assault, (4) sought care as a result of an occupational exposure, (5) self-identified as being infected with HIV, or (6) left the ED prior to being placed in a treatment room.
Opt-Out Phase
The opt-out phase consisted of three 4-month periods during which nontargeted opt-out screening was conducted 24 hours per day and in a fully integrated manner using existing ED and hospital personnel. Patients presenting to the ED and meeting criteria for inclusion were informed in the registration process that rapid HIV testing would be conducted unless declined. To decline HIV screening, patients were required to check a box on the consent form and provide a signature or initial indicating they were "opting out." During registration, patients were provided a 1-page informational sheet related to HIV infection in both English and Spanish. Patients in the opt-out phase were provided with details of the testing process by registration staff, including the information that testing was voluntary and free. 15 An electronic ED patient tracking system (Emergency Medical Services Information System [EMeSIS], Denver Health, Denver, Colorado), available to all ED personnel, was used to indicate those patients who did not opt out of HIV testing. Emergency department nurses and health care technicians identified patients who did not opt out, obtained a blood sample, and sent the samples to the hospital laboratory for rapid HIV testing. For those patients who opted out, physicians had the additional opportunity to diagnostically test them.
Rapid HIV testing was performed by the hospital's laboratory and included a sequential algorithm to potentially improve the predictive value of testing. 15 
Diagnostic Phase
The diagnostic phase consisted of three 4-month periods during which rapid HIV testing was conducted using a previously described physician-directed diagnostic and targeted approach. 19 This included primarily diagnostic testing but also included targeting patients considered to be at increased risk for HIV infection based on actual or perceived behavioral characteristics ascertained during the patient's evaluation. This approach did not include systematic risk assessment or targeted screening and was chosen as the comparison to nontargeted screening because it was a common ED approach and considered the minimum standard of care in an ED setting. 13, [19] [20] [21] [22] Rapid HIV testing was offered to patients identified for testing by emergency physicians as part of their ED care. The physician informed an available social worker if verbal consent was obtained. Consistent with a traditional testing approach (ie, the recommended approach before 2006), 23 the social worker obtained written informed consent, conducted pretest counseling, coordinated the collection of blood that was sent to the hospital laboratory for rapid HIV testing, obtained the test results, participated in delivery of results, provided posttest counseling, and coordinated confirmatory testing and linkage into care for those patients testing preliminarily positive.
Outcomes
The primary outcome was the number of patients confirmed (via Western blot) with newly identified HIV infection. In the expectation of testing patients previously diagnosed with HIV infection, the secondary outcome included all patients identified with HIV infection stratified by new diagnoses and repeat diagnoses. The primary outcome was also stratified by the proportion of patients identified early in the course of disease (defined as having initial CD4 cell count Ͼ350/µL) and the proportion successfully linked into medical care.
Operational Processes of ED Care
No single criterion is available to measure ED efficiency and patient throughput. As such, several measures were collected, including patient wait time; length of stay; and, for those admitted to the hospital, boarding time (the time between admission and transfer to an inpatient room). Data were collected on the number of patients who left the ED before being placed in a treatment room and on the number of those who left the ED before completion of their evaluation. Data on laboratory turnaround times for rapid HIV tests were collected for patients tested for HIV infection.
The study included use of Emergency Department Work Index (EDWIN), a validated method to quantify the overall crowding of an ED. 24 EDWIN is calculated at the level of the ED, not the individual patient, and thus relies on cross-sectional time sampling. EDWIN was calculated at 1000 randomly sampled hourly time points (a subset of the total 17 520 hourly time points during the entire 2-year study period) to provide an accurate and representative sample of ED crowding.
Data Management and Statistical Analyses
Data were transferred electronically or entered manually into a database (Access, Microsoft Corporation, Redmond) and transferred into SAS or Stata formats using translational software (dfPower/DBMS Copy, DataFlux Corporation, Cary, North Carolina). All statistical analyses were performed using SAS version 9.2 (SAS Institute, Cary) or Stata version 10 (StataCorp, College Station, Texas).
Patient demographics, including age, sex, and race/ethnicity, were collected to assess demographic distributions for those who completed HIV testing and who were identified with HIV infection. Race/ethnicity was classified by patients using categories defined by DHMC and collected by registration staff as part of standard emergency medical care.
Descriptive statistics for continuous variables were expressed as medians with interquartile ranges (IQRs) and proportions as percentages with 95% confidence intervals (CIs). Observations from the three 4-month opt-out periods and three 4-month diagnostic periods were combined into aggregate groups representing the opt-out phase and the diagnostic phase, respectively, and comparative analyses were performed between the 2 groups. Because this study did not have randomization, multivariable analyses were performed using repeated-measures Poisson regression to estimate the association between the performance of nontargeted screening and identification of patients infected with HIV, while adjusting for potential variation between the study groups. Given the relatively rare outcome of HIV infection, a binary Poisson distribution was used, and to verify the stability of the results, a confirmatory analysis using 1000 bootstrapped data sets was used to estimate the distribution of the point estimate of the association between nontargeted screening and the outcome.
Generalized estimating equations were used to perform all multivariable analyses. Secular trends were evalu-OPT-OUT RAPID HIV SCREENING IN EMERGENCY DEPARTMENT PATIENTS ated by including the month of the study in the main regression model. The unit of analysis was the patient unless stated otherwise, but because repeat screening is common in large-scale screening programs in high-volume episodic care settings, some analyses were conducted using ED visits as the unit of analysis. 25 Race/ethnicity represented the only variable with missing data. Approximately 0.9% of all patients and 4% of all patients tested for HIV infection in the opt-out phase had race/ethnicity data that were unknown or missing, and approximately 0.03% of all patients and 3% of all patients tested for HIV infection in the diagnostic phase had race/ ethnicity data that were unknown or missing. This potentially affected only the multivariable modeling, which included 3 race/ethnicity covariates. Three specific approaches were used to assess the impact of these missing data on the models, including exclusion of observations with missing data from the models, grouping the observations with missing data into the other category, and use of multiple imputation. In each instance, the magnitude or direction of the results did not change. No additional missing data methods were used.
The Wilcoxon rank sum test was used to compare waiting time, length of stay, boarding time, laboratory turnaround time, and EDWIN between the 2 study groups. The 2 test was used to compare proportions of those who left before being placed in a treatment room and before completing evaluation between study groups.
Sample Size Assessment
We performed basic simulations (Excel, Microsoft Corporation) using variations in the number of patients who would be eligible for, agree to, and complete HIV testing and the prevalence of HIV infection among those tested in each study phase to estimate the number of patients required for inclusion. The objective of this approach was to identify the smallest number of patients required for HIV testing during the opt-out phase while supporting a statistically significant increase in the number of patients identified with HIV infection during the opt-out phase. Using data from a previous study by Goggin et al 17 in which the seroprevalence of HIV infection in our ED was evaluated, we estimated the prevalence of HIV infection among those tested during the opt-out phase to be 0.7%. In the study by Goggin et al, the results were linked to the Colorado Department of Public Health and Environment statewide HIV registry to remove those samples that were already known to be infected with HIV; thus, the report represented an estimate of the prevalence of unknown HIV infection.
Additionally, using data from an observational study of diagnostic testing in our ED, we estimated the prevalence of HIV infection among patients tested (the proportion of those tested who tested positive) during the diagnostic phase to be 2.2%. 19 Assuming 365 HIV tests would be performed during the 1-year diagnostic phase, we estimated requiring a minimum of 7000 HIV tests performed during the optout phase to achieve a 95% power to detect an absolute increase of 21 new HIV infections detected using a 2-tailed ␣ of .05.
RESULTS
During this 2-year study, 65 163 patients presented to the ED. Of these, 31 472 patients presented during the opt-out phase and 33 691 presented during the diagnostic phase, and 28 043 (89%) and 29 925 (89%) met eligibility criteria, respectively (FIGURE). Of those eligible during the opt-out phase, the median age was 36 years (IQR, 25-49), 56% were male, 40% were white, 37% were Hispanic, 14% were African American, and 9% were of another or unknown race or ethnicity. Of those eligible during the diagnostic phase, the median age was 36 years (IQR, 25-49), 57% were male, 41% were white, 37% were Hispanic, 14% were African American, and 8% were of another or unknown race or ethnicity.
Of the 28 043 eligible patients included in the opt-out phase, 6762 patients (24%) did not opt out of HIV testing, and 6702 patients (99%) were ultimately screened for HIV infection. Of the 6702 patients screened, 16 patients (0.24%; 95% CI, 0.14%-0.39%) were confirmed with HIV infection and 10 patients (0.15%; 95% CI, 0.07%-0.27%) had new diagnoses. Of the remaining 21 281 patients who opted out or were opted out by registration personnel, 231 (1%) subsequently underwent diagnostic testing, and 9 patients (4.0%; 95% CI, 1.8%-7.3%) were confirmed with HIV infection, of whom 5 patients (2.2%; 95% CI, 0.7%-5.0%) had new diagnoses (TABLE 1) .
Of the 29 925 eligible patients included in the diagnostic phase, 243 patients (0.8%) underwent testing, and of these, 5 patients (2.1%; 95% CI, 0.7%-4.7%) were confirmed infected with HIV and 4 patients (1.6%; 95% CI, 0.5%-4.2%) had new diagnoses. The overall prevalence of newly detected HIV infection during the opt-out phase (including those diagnostically tested) and during the diagnostic phase was 15 in 28 043 (0.05%; 95% CI, 0.03%-0.09%) and 4 in 29 925 (0.01%; 95% CI, 0.004%-0.03%), respectively.
During the opt-out phase, 28 043 patients made 47 309 visits (median number of repeat visits, 3; IQR, 2-5), and patients did not opt out of HIV testing during 10 237 visits (23%). Overall, 7656 rapid HIV tests (75%) were performed during visits in which patients did not opt out of testing, and 723 of these (9%) were repeat tests performed on patients who had been tested during a previous ED visit in the optout phase (median repeat tests, 1; IQR, 1-1). Of the 7656 tests performed, 34 (0.4%) were reactive, 28 (0.4%; 95% CI, 0.2%-0.5%) were confirmed positive, and 6 (0.08%) were falsely positive. Of the 28 confirmed positives, 15 (54%) were new and 13 (46%) were repeat HIV diagnoses ( The risk factors indicated by the remaining 6 patients were MSM (n = 6), drug injection (n=2), and high-risk heterosexual sex (n= 1). Additionally, of the 5 patients identified by diagnostic testing during the opt-out phase, 1 (20%) had no conventional risk factors, and for 2 patients, risk factors were unknown. The risk factors indicated by the remaining 2 patients were MSM (n=2) and high-risk heterosexual sex (n=1). Thus, targeted screening based only on these behavioral risks may miss patients with undiagnosed HIV infection. The median CD4 cell count was 69/µL (IQR, 17-430) and 13/µL (IQR, 11-15) (P=.02), and the median viral load was 108 790 copies/mL (IQR, 56 000-153 562) and 146 000 copies/mL (IQR, 50 700-470 000) (P=.87) when comparing new HIV diagnoses during the opt-out and diagnostic phases, respectively. Of the 15 patients identified during the opt-out phase, 9 patients (60%; 95% CI, 32%-84%) had a CD4 cell count of less than 200/µL, 2 patients (13%; 95% CI, 2%-40%) had a CD4 cell count of 200/µL to 350/µL, and 4 patients (27%; 95% CI, 8%-55%) had a CD4 cell count greater than 350/µL. All 4 patients (100%; 95% CI, 40%-100%) identified during the diagnostic phase had a CD4 cell count less than 200/µL. TABLE 4 reports operational processes during the 2 study phases. There were no differences in the proportions of patients who left before being placed in a treatment room (P=.16) or who left To verify the stability of the results given the relatively small number of outcomes, a confirmatory bootstrap analysis using 1000 resampled data sets was performed and included an RR range from 1.5 to 17.5 for both nontargeted screening estimates. c Diagnostic testing performed during the opt-out phase. d Multiple imputation was used for the small proportion of missing race/ethnicity data (see "Methods" section). e Represents American or Alaskan Native, Native Hawaiian, or non-Hawaiian Pacific Islander. 
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©2010 American Medical Association. All rights reserved. Waiting times for all patients and lengths of stay for all patients who were not admitted were statistically longer during the opt-out phase (P Ͻ .001), and lengths of stay and boarding times for all those who were admitted were statistically shorter during the opt-out phase (P Ͻ .001); however, the median differences for each of these parameters were small (ie, Ͻ12 minutes each). The EDWIN (P= .68) and laboratory HIV test turnaround times (P = .22) were also similar between groups.
COMMENT
Nontargeted opt-out rapid HIV screening in conjunction with diagnostic testing was associated with approximately 30 times the number of rapid HIV tests performed, yet only a few more patients were newly identified with HIV infection when compared with diagnostic testing alone. The total number of patients identified with HIV infection was modest and most of the patients identified with new HIV infection met serological criteria for the acquired immunodeficiency syndrome (ie, CD4 cell count Ͻ200/µL) at the time of their diagnoses. Although a goal of the 2006 CDC recommendations 3 for performing nontargeted opt-out HIV screening was to improve the identification of patients with undiagnosed HIV infection, this approach was not considered to have a high sensitivity (defined as the proportion of all HIV-infected patients identified by the program), and it was uncertain what impact implementation of the approach would have on the epidemic as a whole. A strength of our study is that to our knowledge, it represents the largest EDbased HIV testing study to date and the largest evaluation of the 2006 CDC recommendations to date. In 2007, Brown et al 10 published results from a prospective observational study from Washington, DC, concluding that ED-based HIV screening in a high-prevalence setting was feasible. In their study, 9 of 2476 patients (0.4%) who were tested had confirmed HIV infection. Other reports of rapid HIV screening in ED settings have either been smaller or have used external staff to conduct screening, thus limiting their applicability. [5] [6] [7] 9, 19, [26] [27] [28] In addition, studies of routine HIV screening in EDs that have been previously reported have been observational, limiting their ability to compare HIV screening with other approaches to HIV testing. 10, 11, [29] [30] [31] During the study, physicians were permitted to continue to perform diagnostic testing so they could provide standard emergency medical care during the opt-out phase. This allowed physicians to target patients who opted out of testing during registration. Nonetheless, nontargeted screening remained significantly associated with identification of patients with HIV infection after adjusting for the performance of diagnostic testing during the opt-out phase, suggesting that nontargeted screening is useful in identifying patients with unrecognized HIV infection. However, this study did not demonstrate that nontargeted screening identified patients early in the course of disease, as only 4 patients were identified with CD4 cell counts greater than 350/µL. This finding is contrary to what many thought would occur and suggests the need for an alternative testing approach to identify patients earlier in the course of disease. The yield of nontargeted rapid HIV screening may not be as high as alternative targeted testing strategies, although this is still unknown. It is possible, however, that a longer implementation of nontargeted screening would result in a larger proportion of persons with more recent infection being identified, although this also remains unknown.
During the course of the study, approximately 76% of all eligible patients either opted out or were opted out by registration personnel. Although we did not collect data specific to reasons for opting out, it is our impression that a large proportion of eligible patients believed they were not at risk for HIV infection or could not consent to testing due to altered mentation or illness requiring urgent or emergent evaluation or intervention. c Difference between the time the patient presented to the ED and the time the patient was placed in a treatment room. d Difference between the time the patient was placed in a treatment room and the time of discharge from the ED or admission to the hospital. Of the 98 996 patients placed in a treatment room, 77 894 were discharged and 21 102 were admitted to the hospital. e Difference between the time the patient was admitted to the hospital and the time the patient was transferred to an inpatient room. f Difference between the time the blood specimen was received by the laboratory and the time the result was reported for all 7916 rapid HIV tests.
These results are similar to the studies by Brown et al 10 and White et al, 11 which reported 19% testing (2476/13 240) of those who met screening criteria and 18% testing (7923/45 159) of those who were offered testing, respectively, and support the notion that alternative approaches to screening are needed to improve identification of HIV infection among ED patients. A cross-sectional survey involving a convenience sample indicated that similar proportions of patients were willing to be tested with optout or opt-in screening approaches; however, explanation of opt-out screening was required for a greater proportion. 32 Emergency department crowding has received substantial attention over the past decade, and there were concerns that the introduction of a large preventive intervention such as nontargeted screening in this busy clinical environment might interfere with processes of emergency medical care. 33, 34 Our results show that ED processes of care remained relatively unchanged when nontargeted screening was implemented. The proportion of patients who did not complete care were similar in both phases, and although waiting, length of stay, and boarding times differed slightly between the 2 study phases, we believe these differences are not clinically meaningful. In addition, use of EDWIN, a validated composite measure of ED crowding, revealed no difference between the study phases.
An important potential limitation of this study was using a quasi-experimental design rather than an experimental design. However, we do not believe this undermines the validity of the findings. Randomization was not possible because the screening program was fully integrated into ED care and because the complexity of providing this service 24 hours a day in a highvolume setting was high. The primary outcome measure, newly diagnosed HIV infection, was not subject to ascertainment bias, and selection bias was minimized by inclusion of all eligible ED patients 16 years and older, and by fully integrating testing methods across several hundred ED staff members, thus mitigating the influence of any individuals on either HIV testing approach.
A potential but unlikely factor that might have compromised the validity of our findings would have been systematic changes in the epidemiology of HIV infection among the patients who sought care in our ED during the study. However, we did not observe any important changes in the epidemiology of HIV infection in our community. Multivariable regression analyses were performed to ensure the validity and robustness of our results. The association between nontargeted screening and diagnosis of HIV infection remained unchanged when modeled using both Poisson and logistic regression analyses and after removing all covariates from the model except whether diagnostic testing was performed during the opt-out phase.
Finally, our study was performed at 1 institution. Although DHMC serves as a model safety-net institution, our results may not be representative of those from other types of institutions or in other settings.
Nontargeted opt-out rapid HIV screening in the ED, compared with diagnostic testing, was associated with identification of only a modestly increased number of patients with newly diagnosed HIV infection, most of whom were identified late in the course of disease.
